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ORIGINAL RESEARCH
Background. Global positioning system (GPS) technology can provide accurate, non-invasive, real-time movement analysis of players 
participating in team sports. The application of this technology to rugby union will improve training practices by allowing improved 
understanding of movement characteristics and more individualised programmes. 
Objectives. To characterise the movement and impact patterns of South African professional rugby union players during match play and 
compare these to previously reported data.
Methods. Nineteen professional rugby players were tracked using GPS systems during 24 matches during the 2013 rugby season. Players 
were grouped as (i) backs or forwards and (ii) tight forwards, loose forwards, scrumhalves, inside backs or outside backs. Movements were 
categorised in speed zones corresponding to walking (0 - 2 m.s-1), jogging (2 - 4 m.s-1), striding (4 - 6 m.s-1) and sprinting (>6 m.s-1). Walking 
and jogging were classified as low-intensity and striding and sprinting as high-intensity movement zones. An inbuilt triaxial accelerometer 
(sampling frequency 100 Hz) measured the total impacts >5G and high-intensity impacts >8G. All data were normalised to time on field 
and reported as mean (standard deviation).
Results. There was no difference between forwards and backs in relative distance covered. Backs reached higher maximum speeds than 
forwards (backs 8.8 (1.1) v. forwards 7.6 (1.3) m.s-1, effect size (ES) 1.0, and outside backs were the fastest positional group (9.4 (0.9) 
m.s-1, ES 0.4 - 2.2). Players in all positions spent the majority of time walking (79 - 84%). Backs covered more distance than forwards in 
high-intensity speed zones (forwards 11 (5) v. backs 14 (4) m.min-1, ES 0.7). Tight forwards covered the most distance in low-intensity 
zones (63 (6) m.min-1, ES 0.3 - 1.7) while scrumhalves ran the most distance in high-intensity zones (20 (5) m.min-1, ES 1.2 - 3.6). High-
intensity :  low-intensity running ratios ranged from 1:13 (tight forwards) to 1:3 (scrumhalves). Loose forwards and inside backs exhibited 
similar movement patterns. There was no difference in impact variables between forwards and backs. Inside backs sustained the least total 
impacts (6.5 (1.2) >5G.min-1, ES 0.9 - 2.0) and high-intensity impacts (0.7 (0.2) >8G.min-1, ES 0.5 - 1.4).
Conclusions. There were notable differences in the movement of professional rugby union players in different positions, and effective 
training programmes should reflect these variations.
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Rugby union is a full contact sport during which players 
are involved in short-duration, high-intensity efforts, 
which often involve high-speed collisions, interspersed 
by low-intensity periods of standing, walking and 
jogging.[1] Playing positions are individually named and 
reflect distinct roles within the game, but are commonly grouped with 
other positions with similar attributes to create designations such as 
‘forwards ‘ and ‘backs’, and ‘tight-five’, ‘loose forwards’, ‘inside backs’ and 
‘outside backs’.[1,2] All players are required to perform core skills such as 
tackling and rucking during a match, but the physical and skill demands 
of the playing positions are different.[1] Forwards are generally involved 
in actions to contest for and retain possession of the ball and are exposed 
to high volumes of physical contact as a result.[1,2] Backline players are 
regularly involved in the execution of tactical movements to gain field 
position or score and are able to run more freely with less contact 
involvements.[1,2] To ensure the conditioning and recovery programmes 
of the players are appropriate, it is essential to have a good understanding 
of the physical demands placed on players in these different positions.[3]
A number of researchers have endeavoured to quantify the physical 
demands of rugby union through video-based time-motion analysis 
(TMA).[1,2,4-6] These studies all agree that the majority of time is spent 
engaged in low-intensity activities for all positions, but that the nature 
of physical exertion differs across position groups. Researchers have 
previously determined that backs spend more time in low-intensity 
activity than forwards,[6] but also that backs spend more time sprinting 
than forwards.[1] When divided into four positional groups (front 
row forwards, back row forwards, inside backs and outside backs), 
back row forwards were shown to spend the greatest amount of time 
engaged in high-intensity activity, while inside backs covered the most 
total distance.[6]
Rugby union has evolved rapidly owing to intermittent law changes 
making it necessary to continuously re-evaluate game demands.[7] 
While video TMA has provided a great deal of valuable information to 
researchers, its practical application is somewhat limited considering 
the time required for coding movement events and subjectivity in the 
categorisation of locomotive events.[8] 
The development of Global Positioning Systems (GPS) that 
provide accurate, non-invasive movement analysis for team sports 
has reduced the time required for TMA.[8] As a result, research has 
emerged describing the motion characteristics based on GPS of a 
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variety of sports including rugby union, rugby sevens, rugby league, 
Australian football league, field hockey and football.[9] 
To date, only four studies have been published describing the 
movement characteristics of elite professional rugby union players.[3,10-12] 
The first two of these, Cunniffe et al.[3] and Coughlan et al.,[10] used 
similar methodology: tracking a single forward and a single back 
during an international rugby union match. The results were similar: 
players covered >6 500 m in both studies and the backs performed a 
greater number of high-intensity runs and reached greater maximal 
speeds than the forwards did. A major limitation of both of these 
preliminary studies is that they observed only two players on single 
occasions, and as such it is difficult to generalise this information. 
Reid et al.[12] examined eight players from different positions in a 
single match and reported a range of relative running distances from 
67.0 to 78.2 m.min-1. Furthermore, they reported that backs covered 
the most distance walking, while forwards covered the most distance 
jogging.[12] Cahill et al.[11] provided a comprehensive study that 
observed players from a variety of English Premiership clubs over 
the course of a season. They showed that although all players covered 
relatively little distance while sprinting, loose forwards sprinted the 
most. Furthermore it was shown that backs covered greater relative 
distances than forwards, scrumhalves covered the greatest total 
distance and tight forwards the least.[11]
The validity and reliability of the SPI-Pro GPS unit (GPSports, 
Australia) has been previously established.[8,13] In particular, the 
validity for speed zones walking (standard error of estimate (SEE) 1.0% 
(0.4%)), jogging (SEE 3.7% (1.4%)) and striding (SEE 3.0% (1.1%)) is 
strong.[13] The validity of distance measures in sprint zones (>5 m.s-1) 
is less accurate (SEE 10.5% (3.9%)), typically underestimating sprint 
distance and should be interpreted carefully.[13] GPS units have been 
shown to reliably measure peak velocity (coefficient of variation 
(CV) 2.3, 90% confidence interval (CI) 2.1 - 6.6).[8] This indicates that 
absolute sprint counts may be more accurate as a measure of high 
speed exertion than high-speed running distance. 
GPS is a powerful tool for analysis of movement characteristics, but 
is unable to record time or effort spent in static exertions. Deutsch et 
al.[2] reported that forwards spend approximately 10 minutes per match 
engaged in static, high-contact activities like tackling, scrumming, 
rucking and mauling. These activities will not be recorded by GPS 
monitoring but make up a significant portion of game exertion. 
Physical contact has been shown to lead to reductions in total, low-
intensity and high-intensity running v. non-contact games.[14]
In an attempt to quantify these additional loads, manufacturers of 
GPS devices have included a triaxial accelerometer to measure impact 
forces. The validity of these accelerometer measures has not been 
established. Waldron et al.[15] showed the reliability of accelerometer 
measures to be disappointing (CV 4.7 - 5.2%). Interpretation of 
accelerometer data is complicated because acceleration peaks result 
from a variety of actions including foot strikes, running, jumping, 
falling, tackling and rucking. Researchers have not shown any 
correlation between high-intensity impacts and collision events 
like tackles during rugby league matches.[16] Despite this, research 
has shown correlations between high-intensity impacts (>8G) and 
markers of muscle damage[17], as well as neuromuscular markers of 
post-match fatigue[16] in rugby league. Accelerometer data have not 
previously been reported in elite rugby union competitions, and may 
be of some value in terms of quantifying physical impacts sustained 
and planning recovery strategies.
Rugby union is thought to display variations in the pace of the 
game played in different hemispheres as a result of differing playing 
conditions and styles. This assertion is supported by statistics 
comparing the Six Nations and Tri Nations competitions, the 
premier international competitions in each hemisphere. Analysis 
of these competitions from 2008 to 2011 indicates that the ball is in 
play for more time per match in Six Nations matches (49 v. 45%).[18] 
The objective of this study was therefore to provide normative data 
for movement and impact characteristics of player’s participation 
in South Africa (SA)’s elite professional rugby competitions and to 
compare these data with previous research from other countries.
Methods
Participants
A prospective, observational, longitudinal design was used to assess 
the movement and impact characteristics of players from an SA 
professional rugby union team. Players were invited to participate in 
the study for the duration of the 2013 rugby season; participation 
was voluntary but endorsed by the management and medical staff of 
the team. Players who volunteered to participate in the study signed 
informed consent. In total 19 players (mean (standard deviation (SD)) 
age 26 (2) years; body mass 101.5 (12.2) kg, stature 1.86 (0.07) m) 
volunteered. The University of Johannesburg ethical review board 
approved the study.
Player grouping
Players were grouped according to two different classification systems, 
neither of which is mutually exclusive, to allow for analysis of different 
positional attributes. Firstly, players were grouped as either forwards 
(props, locks, hooker, flanks and eighth man) or backs (scrumhalf, 
flyhalf, centres, wings and fullback). Secondly, players were assigned 
to one of five positional groups: tight forwards (props and locks), 
loose forwards (hooker, flanks and eighth man), scrumhalf, inside 
backs (flyhalf and centres) and outside backs (wings and fullback), as 
previously described.[5,6] Data were examined to check the validity of 
these groupings and were found to be accurate.
Procedures
All matches took place between March and October 2013 during 
the local rugby season and were part of senior professional domestic 
competitions. Players wore individual SPI Pro GPS units (GPSports, 
Australia) (mass = 76 g; size = 87 × 48 × 20 mm) positioned between 
the shoulder blades and supported by an elasticised harness worn 
underneath the playing jersey. The GPS unit sampled positioning 
data at a frequency of 5 Hz and contained a triaxial accelerometer 
that sampled at 100 Hz. 
Players were familiarised with the use of the GPS units at practice 
sessions before using them in matches. The strength and conditioning 
coach of the team assigned and fitted the GPS units on match days. 
There were insufficient units and harnesses for all players to wear at 
once, so units were rotated among players in each of the five position 
groups and according to the monitoring needs of the coaching staff. 
Units were switched on before the warm-up, which started ~45 
minutes before kick-off, to ensure that the satellite signal was received. 
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After each match, the GPS data files were downloaded to a personal 
computer and the data analysed using Team AMS software version 10 
(GPSports, Australia). The raw data files were segmented into 1st and 
2nd halves, to exclude the time recorded during half time, and then 
exported to Microsoft Excel (Microsoft Corp, USA). 1st and 2nd half 
data were then combined to determine whole-game exertions. Three 
files were excluded because players hadn’t spent a sufficient amount 
of time on the field (<30 minutes, which was outside 2 SDs from the 
mean). A total of 102 match participation files from 24 separate matches 
were analysed in the following positional distribution: forwards 
(n=53), backs (n=49), tight forwards (n=23), loose forwards (n=30), 
scrumhalves (n=8), inside backs (n=12) and outside backs (n=29).
Movement and impact analysis
The dependent variables for this study were total distance (m) covered, 
maximum speed (m.s-1) attained, distance covered in differentiated speed 
zones (walking, 0 - 2 m.s-1; jogging, 2 - 4 m.s-1; striding, 4 - 6 m.s-1; and 
sprinting, >6 m.s-1). These speed zones were chosen because they are 
typical of the locomotive activity profiles of intermittent team sport 
athletes.[19] Data were normalised to the amount of time spent on 
the field to account for different playing times as a result of player 
substitutions. This is a departure from the subject-relative velocity 
measures employed by Cahill et al.,[11] but allows for comparison 
within and between sporting codes. In addition, two broader speed 
zones (low-intensity running, 0 - 4 m.s-1 and high-intensity running, 
>4 m.s-1) were calculated to allow for the calculation of a high:low 
intensity running ratio. In addition, proportion of time spent in each 
speed zone was calculated. Because peak velocity measurements have 
been shown to be more accurate than measures of distance covered at 
high speed,[8,13] sprint and maximal acceleration counts were included 
to support analysis of high-speed running distance. These are reported 
as frequencies (1 every N min). A sprint was defined as each time 
a player reached a speed >6 m.s-1, and a maximal acceleration was 
defined as any acceleration > 2.75m.s-2. This acceleration corresponds 
to a change in speed of 10 km.h-1 in a 1 second interval. Accelerometer 
data were recorded as the total number of impacts >5G and total high-
intensity impacts >8G, and normalised to playing time. Time on field 
statistics are reported to allow for calculation of total work volumes.
Statistical analysis
Data were analysed using SPSS version 21 (IBM, USA) analysis 
software. Shapiro-Wilk tests were performed on all dependent 
variables to test the assumption of normality; the majority of variables 
(60%) did not satisfy this assumption. Data were visually assessed 
using Normal Q-Q plots and were found to be similarly, and only 
moderately, skewed. A decision was taken to proceed with parametric 
tests due to the robustness of the particular tests used in dealing with 
deviations from normality, particularly in the presence of large sample 
sizes (>50) and similar sized sample groups. Forwards and backs were 
compared using an independent samples t-test. A Levene’s test was 
applied to the five positional groups to assess homogeneity of variance. 
The majority of variables were normally distributed and in these cases 
were assessed by one-way analysis of variance (ANOVA) and Tukey’s 
post hoc test. In cases where data were not normally distributed, a 
Welch robust test for equality of means and Games-Howell post hoc 
test were applied to discern differences between groups. Descriptive 
statistics (mean (SD)) were calculated for all variables, and the level 
of significance was set at p<0.05 for all tests. In addition, due to the 
practical nature of this study, Cohen’s effect size statistic was calculated 
to determine the practical significance of observed differences. Effect 
sizes (ESs) of 0.2, 0.5, 0.8 and 1.2 were considered small, medium, 
large and very large respectively.[20]
Results
Movement analysis
Analysis of basic movement parameters for forwards and backs 
and for the five positional groups is presented in Table 1. There 
was no significant difference in the relative distance covered during 
competitive match play between forwards and backs (forwards 69 
(8) v. backs 69 (9) m.min-1). Positional group analysis revealed that 
scrumhalves cover a significantly greater distance during match play 
than all other positional groups (81 (12) m.min-1, ES 0.5 - 1.4). Backs 
had greater maximum speed compared to forwards (backs 8.8 (1.1) 
v. forwards 7.6 (1.3) m.s-1, ES 1.0). This can be accounted for by the 
presence of the outside backs in this group who were significantly 
faster (9.4 (0.9) m.s-1, ES 0.4 - 2.2) than all other positional groups.
The relative distances covered by backs and forwards in each of 
the four speed zones are presented in Fig. 1, and a similar analysis by 
positional group is presented in Fig. 2.
Forwards distinguished themselves by covering significantly more 
distance while walking (forwards 36 (3) v. backs 32 (5) m.min-1, 
ES 0.9) and jogging (forwards 26 (5) v. backs 20 (5) m.min-1, ES 1.3) 
than backline players, while backs covered twice as much distance as 
forwards while sprinting (backs 3.4 (2.0) v. forwards 1.4 (1.3) m.min-1, 
Table 1. Comparison of basic movement variables for forwards and backs and for the five positional groups during professional rugby 
union match play
Forwards Backs
Movement variables, mean (SD) Tight forward Loose forward Total Scrumhalf Inside back Outside back Total 
Time on field (min) 72 (24) 67 (25) 69 (24) 58 (16) 82 (22) 82 (22) 78 (22)
Distance (m.min-1) 70 (7) 68 (8) 69 (8) 81 (12)a,b,d,e 67 (9) 67 (5) 69 (9)
Maximum speed (m.s-1) 7.1 (1.2) 8.0 (1.2)a 7.6 (1.3)* 8.0 (0.7) 8.0 (0.9) 9.4 (0.9)a,b,c,d 8.8 (1.1)
High-intensity:low-intensity 
running ratio
1:13 1:5 1:8* 1:3a,b,d,e 1:5 1:4 1:4
*Forwards significantly different (p<0.05) from backs.
a,b,c,d,e Significantly different from tight forwards, loose forwards, scrumhalf, inside backs and outside backs, respectively.
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ES  1.2). Positional analysis revealed that 
loose forwards walked the least distance 
(31 (5)  m.min-1, ES 0.6 - 1.2), which was 
significantly less than inside and outside 
backs. Tight forwards jogged the most distance 
(29 (5) m.min-1, ES 0.7 - 2.6), significantly 
more than loose forwards, inside and outside 
backs. Outside backs jogged the least distance 
(18 (4)  m.min-1, ES 0.8 - 2.6). There was 
no difference in distance covered striding 
between forwards and backs. Scrumhalves 
covered the most distance (16 (5) m.min-1, 
ES 1.4 - 3.2) striding, significantly more than 
every other group except loose forwards. 
The loose forwards also out performed the 
tight forwards and outside backs in this 
speed zone (11 (4) m.min-1, ES 0.6 - 1.4). 
Outside backs performed the most sprinting (4 
(2) m.min-1, ES 0.4 - 2.5), covering significantly 
more distance than tight forwards, loose 
forwards and inside backs in this category. 
Tight forwards performed the least sprinting, 
covering just 1 (1) m.min-1 (ES  .1 - 3.3) in this 
speed category. 
High- and low-intensity running
The time spent in low- and high-intensity 
running zones for backs and forwards is 
shown in Fig. 3, and for positional groups 
in Fig. 4. These results were used to calculate 
average high-intensity:low-intensity running 
ratios, which are presented in Table 1. Analysis 
revealed that forwards cover more distance 
than backs in low-intensity ranges (forwards 
58 (7) v. backs 56 (6) m.min-1, ES 0.4), while 
backs cover more distance in high-intensity 
ranges (forwards 11 (5) v. backs 14 (4) m.min-1, 
ES 0.7). Accordingly, the high-intensity:low-
intensity running ratio was approximately 
1:8 for forwards and 1:4 for backs. This 
indicates that forwards cover double the low-
intensity distance for each high-intensity run 
than backs do. Tight forwards perform the 
greatest amount of low-intensity running (63 
(6) m.min-1, ES 0.3 - 1.7), significantly more 
than loose forwards and outside backs. They 
also perform the least high-intensity running 
(7 (3) m.min-1, ES 1.1 - 3.6), significantly less 
than all other position groups. Tight forwards 
thus have the greatest high-intensity:low-
intensity running ratio (1:13). Scrumhalves 
perform the most high-intensity running (20 
(5) m.min-1, ES 1.2 - 3.6) and the second most 
low-intensity running (61 (8) m.min-1, ES 0.3 - 
1.0). Scrumhalves have the smallest high-
intensity:low-intensity running ratio (1:3). 
Proportion of time spent in speed zones
The majority of playing time (79 - 84%) was 
spent walking for all positions. Backs spent a 
significantly greater portion of time walking 
(forwards 80% (7%) v. backs 83% (5%), ES 0.6) 
and sprinting (forwards 0.3% (0.3%) v. backs 
0.7% (0.4%), ES 1.1) than forwards did (Table 
2). Forwards spent more time jogging than 
backline players (forwards 17% (6%) v. backs 
13% (5%), ES 0.7). Tight forwards were a 
unique positional group, spending the most 
time jogging (18% (6%), ES 0.5 - 1.0), and the 
least time walking (79% (7%), ES 0.3 - 0.8) and 
sprinting (0.1% (0.1%), ES 1.1 - 3.6). There was 
no significant difference between any position 
groups for time spent striding, but scrumhalves 
spent the most time in this speed zone (5% (1%), 
ES 0.6 - 1.2). Outside backs spent significantly 
more time sprinting (0.8% (0.4%), ES 0.2 - 2.3) 
than tight and loose forwards.
Sprint and acceleration characteristics
Analysis of sprint and acceleration frequency 
is shown in Table 3. Backs reached sprint 
Forwards
Backs
Walking Jogging Striding Sprinting
0
10
20
30
40
36 32
26 20
9 10
1.4 3.4
*
*
Re
la
tiv
e 
di
st
an
ce
 (m
/m
in
)
*
Fig. 1. Relative distances covered in four speed zones by forwards and backs. (* Significant 
difference (p<0.05).)
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velocity twice as often as forwards (backs 1 
every 7 (14) minutes v. forwards 1 every 14 
(17) minutes, ES 1.1). Backs also performed 
maximal accelerations 1.5 times more often 
than forwards did (backs 1 every 5 (10) min-
utes v. forwards 1 every 9 (13) minutes, ES 
1.1). Notably, all players were involved in 
acceleration actions 30 - 40% more often 
than they were involved in sprint actions. 
Inside and outside backs were the positions 
most frequently involved in both sprint 
and acceleration actions. Tight forwards 
participated the least frequently in sprint and 
acceleration actions. 
Impact characteristics
There was no difference in the total number 
of impacts (backs 9.5 (3.2) v. forwards 10.0 
(3.0) >5G.min-1, ES 0.2) or high-intensity 
impacts (backs 1.1 (0.4) v. forwards 1.1 
(0.5) >8G.min-1, ES 0.0) between backs 
and forwards. Inside backs experienced 
significantly less total impacts (6.5 (1.2) >5G.
min-1, ES 0.4 - 2.0) than tight forwards, loose 
forwards and outside backs. Inside backs 
also experienced the fewest high-intensity 
impacts (0.7 (0.2) >8G.min-1, ES 0.5 - 1.4). 
Though not statistically significant, loose 
forwards experienced the most total (10.6 
(2.3) >5G.min-1, ES 0.5 - 2.0) and high-
intensity impacts (1.3 (0.7) >8G.min-1, ES 0.2 
- 1.0).
Discussion
This analysis of the movement and impact 
characteristics of players participating in 
professional rugby union competitions is the 
first of its kind to be performed in SA. This 
research provides valuable comparison with 
research on players from other countries.
The first major finding of this research 
is that there was no significant difference 
in the distances covered relative to time on 
field between forwards and backs. This result 
is in contrast with previous research,[3,10-12] 
which has reported backs covering a higher 
amount of relative distance than forwards. 
Notably, these previous studies have also 
reported higher relative speeds for backs than 
the present study, while the relative distance 
covered by forwards was comparable. These 
differences may reflect differences in ball-in-
play time between competitions or differences 
in playing style of the teams studied. A 
greater emphasis on forward play could lead 
to limited opportunities for backline players, 
while an increased number of kicks could 
increase backline player involvement. 
The results of the movement characteristic 
analysis in this study tend to agree with those 
that have been previously reported;[2,5,6,11] 
the game is played mostly at low speed 
with players spending the majority of their 
time standing, walking or jogging. Notably, 
the forwards covered more distance in low-
intensity movement zones, while backs covered 
more distance in high-intensity movement 
zones. This most likely reflects the influence 
of positional requirements, where forward 
players typically contest possession of the ball 
at close quarters, while backs await possession 
in wider areas giving them more opportunity 
and space in which to run.[2] Positional 
analysis revealed that scrumhalves covered 
the most distance overall (81 (12) m.min-1, 
ES 0.5 - 1.4) and the most distance in high-
intensity running zones (20 (5) m.min-1, ES 
1.2 - 3.6). These results are similar to those 
of Cahill et al.,[11] although they reported 
a lower overall distance covered (median 
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Fig. 3. Distance covered in high-intensity and low-speed zones by forwards and backs. 
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78.5 m.min-1, interquartile range (IQR) 7.2). These results reflect 
scrumhalves’ unique role in the game where they keep pace with play 
in order to distribute possession, and as a result are in possession of 
the ball most often.[2,5,6] 
Outside backs were the most accomplished sprinters, attaining the 
greatest maximum speed (9.4 (0.9) m.s-1, ES 0.4 - 2.2), covering the 
most distance sprinting (4 (2) m.min-1, ES 0.4 - 1.2) and performing 
sprints (1 every 6 minutes) and maximal accelerations (1 every 5 min-
utes) more often than other positions. Outside backs also spent more 
time walking (84 (5)%, ES 0.1 - 0.8) than other position groups. Cahill 
et al.[11] also reported outside backs attaining the greatest maximum 
speed (median 8.8 m.s-1, IQR 0.9), and that outside backs spent the 
most time walking (median 51.9%, IQR 10.3).
Tight forwards spent more time (18 (6)%, ES 0.5 - 1.0) and covered 
more distance (29 (5) m.min-1, ES 0.7 - 2.6) jogging than any other 
positional group. Cahill et al.[11] also reported that tight forwards 
spend the most time jogging (median 49.5%, IQR 7.4). In match play, 
tight forwards primary responsibility is in contesting and retaining 
possession,[2] a role that results in a great deal of physical contact in 
scrums, rucks and mauls. As such, tight forwards may be placed at a 
disadvantage when it comes to attaining high speeds, due to the highly 
fatiguing nature of these involvements. Johnston et al.[14] have shown 
that physical contact reduces high-intensity running during game play, 
and conditioning programmes for tight forwards should reflect this. 
Despite falling into different positional groups (backs and 
forwards), analysis revealed the movement characteristics of loose 
forwards and inside backs to be similar. There were no significant 
differences in distance covered jogging (loose forward 24 (4) v. 
inside back 21 (4) m.min-1, ES 0.8), striding (loose forward 11 (4) v. 
inside back 9 (3) m.min-1, ES 0.6) or sprinting (loose forward 2 (1) 
v. inside back 2 (2) m.min-1, ES 0.2) for these two groups. Loose 
forwards did walk significantly less than inside backs (loose forward 
31 (5) v. inside back 36 (4) m.min-1, ES 1.2). Time spent in various 
speed zones and overall high-intensity:low-intensity running ratio 
Table 2. Comparison of proportion of time spent in the four speed zones for forwards and backs and for the five positional groups 
during professional rugby union match play
Forwards Backs
Proportion of 
time in movement 
zones,* mean (SD) Tight forward Loose forward Total Scrumhalf Inside back Outside back Total 
% time walking 79 (7)e 80 (6) 80 (7)† 80 (5) 83 (4) 84 (5) 83 (5)
% time jogging 18 (6)d,e 15 (5) 17 (6)† 14 (5) 12 (4) 13 (5) 13 (5)
% time striding 3 (4) 4 (1) 3 (3) 5 (1) 4 (3) 3 (1) 4 (2)
% time sprinting 0.1 (0.1)b,c,e 0.5 (0.3)e 0.3 (0.3)† 0.7 (0.3) 0.5 (0.5) 0.8 (0.4) 0.7 (0.4)
*The total proportion time for each position group is 100%; discrepancies are due to rounding where it was felt that percentage fractions were only relevant in the % time sprinting zone.
†Indicates forwards significantly different (p<0.05) from backs. 
a,b,c,d,e Indicates significantly different from tight forwards, loose forwards, scrumhalf, inside backs and outside backs, respectively. 
Table 3. Comparison of sprint and maximal acceleration frequency for forwards and backs and the five positional groups
Forwards Backs
Sprint variables, mean (SD)
Tight 
forward 
Loose 
forward Total Scrumhalf Inside back 
Outside 
back Total 
Sprint per min (>6 m.s-1) 1 every 33 
(33) minb,e
1 every 10 
(17) min
1 every 14 
(17) min* 
1 every 7 
(14) min
1 every 9 
(11) min
1 every 6 
(14) min
1 every 7 
(14) min
Accelerations per min
 (>2.75 m.s-2)
1 every 14 
(25) mine
1 every 7 
(13) min
1 every 9 
(13) min* 
1 every 4 
(14) min
1 every 7 
(9) min
1 every 5 
(11) min
1 every 5 
(10) min
*Indicates forwards significantly different (p<0.05) from backs. 
a,b,c,d,e Indicates significantly different from tight forwards, loose forwards, scrumhalf, inside backs and outside backs, respectively.
Table 4. Comparison of total impact and high-intensity impact frequency for forwards and backs, and for five positional groups
Forwards Backs
Impact variables, mean (SD)
Tight 
forward 
Loose 
forward 
Total Scrumhalf Inside 
back 
Outside 
back
Total 
Impacts (>5G.min-1) 9.6 (3.4) 10.6 (2.3) 10.0 (3.0) 9.4 (3.2) 6.5 (1.2)a,b,e 10.9 (2.9) 9.5 (3.2)
High-intensity impacts (>8G.min-1) 0.9 (0.4) 1.3 (0.7) 1.1 (0.5) 0.9 (0.3) 0.7 (0.2)e 1.2 (0.4) 1.1 (0.4)
*Indicates forwards significantly different (p<0.05) from backs. 
a,b,c,d,e Indicates significantly different from tight forwards, loose forwards, scrumhalf, inside backs and outside backs, respectively.
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was the same for loose forwards and inside backs. These results 
indicate that the typical strategy of grouping forwards and backs 
during training is most likely wrong. It may be more prudent to 
group tight forwards, loose forwards and inside backs, scrumhalves, 
and outside backs for training. Scrumhalves have highly unique 
positional requirements and should have specialised programmes 
that reflect this.
Analysis of accelerometer data revealed that there was no 
difference in the number of total (backs 9.5 (3.2) v. forwards 10.0 
(3.0) >5G.min-1, ES 0.1) or high-intensity impacts (backs 1.1 (0.4) v. 
forwards 1.1 (0.5) >8G.min-1, ES 0.0) between backs and forwards. It 
was notable however that loose forwards (1.3 (0.7) >8G.min-1, ES  0.2 
- 1.0) and outside backs (1.2 (0.4) >8G.min-1, ES 0.2 - 1.4) were the 
positions most likely to be involved in high-intensity impacts. These 
results may reflect the greater speeds that outside backs are capable 
of, resulting in a preponderance of high-speed collisions. Forwards 
are typically involved in a higher number of tackles and rucks than 
other positions,[2] which may result in a greater number of high-
intensity impacts. Accelerometer measures have been shown to be 
reasonably reliable,[15] while validity of these measures is still to be 
established. They are reported here to provide normative data for 
practitioners using these GPS devices.
Overall, the results of this research tend to agree with those of 
Cahill et al.’s[11] research into English Premiership rugby teams. A 
notable exception to this is the difference in relative distance covered 
by backs and forwards found by Cahill et al.[11], which was not found 
here. Further comparisons between the two studies are impeded by 
differences in methodology of measurement. Cahill et al.[11] chose to 
use subject relative speed bands based on percentages of each player’s 
observed maximum speed during match play. Our study chose to use 
objective speed criteria. Generally, the proportion of distance covered 
and time spent in each speed zone was similar for the two studies, but 
Cahill et al.[11] reported greater absolute values. The authors would 
speculate that these absolute differences are as a result of differences 
in ball in play time, but further research is required. 
Study limitation
A limitation of this study was that it only examined one team, with 
multiple measures performed on the same players. Cahill et al.[11] 
were able to collect data from eight different teams. As a result of 
this, some of the results reflected here will be accounted for by team 
tactics and prevailing playing conditions. There is scope to extend 
this type of analysis to more teams and to include measurements of 
static work such as scrumming and lifting that is not revealed by 
GPS analysis. 
Conclusion
This investigation has highlighted the variation in movement patterns 
in professional rugby union players playing in different positions. 
Coaches and strength and conditioning programme designers should 
be aware of these variations when planning. Training programmes 
should as far as possible be specialised and reflect the running 
intensities and frequencies of sprints and acceleration that are present 
for each positional group during match play. 
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